Abstract-This paper presents an innovative-project research on promoting self-learning in engineering university courses. This paper is focused on students' homework, which consists in producing learning objects. The digital objects are self-contained and reusable within the course framework according to a suitable work plan and supported by digital tools. Additionally, in order to help the student on the achievement of curricula competences by producing these objects, they are also available to the whole group in the form of a digital collection of self-study material adapted to the group's characteristics. This paper describes a case of study, analyses students' perception of the activity, and quantifies the success of the experience.
I. INTRODUCTION
T HE convergence process in the European Higher Education Area has promoted a quality system that boosts active and student-centered learning. These premises have involved changes in learning methodologies of many university courses, as it has been the case at the School of Computer Engineering in Valencia, Spain.
The ECTS credits system [1] defines the importance of student activity both inside classroom spaces and beyond. Formative feedback can make this activity really effective, specially supported by an active methodology focused on student-centered learning [2] .
Formative feedback has been addressed in several studies focused on fostering student activities such as in [3] - [7] . However, face-to-face activities, done in the classroom, are tackled with difficulty in large students groups. For example, core university courses in the School of Computer Engineering, at the Universitat Politècnica de València, in Spain, have regular groups with up to 50 students to be managed by a sole teacher. Thus, some alternative should be implemented. This paper deals with an active learning strategy based on the digital production of Learning Objects (LOs) carried out by students along the course to both promote self-study and enhance learning.
Learning objects are digital compositions typically made by teachers or experts as small, self-contained and re-usable units of learning. However, the action of creating a LO is a powerful means of enhancing the learning cognitive human process, and thus, it is potentially an interesting activity to be carried out by students who will produce these small pieces of knowledge.
The creation of such objects has the additional advantage of fostering collaborative knowledge construction because any object serves to the whole group as learning material as soon as it is already produced and validated.
Obviously, when production is carried out by students instead of experts, it needs to be supervised by the teacher, reporting written details focused on both enhancing feedback and improving the quality of compositions. This paper presents an experience on LOs production in engineering courses at the School of Computer Engineering at the Universitat Politècnica de València. The experience worked on practical aspects such as the shape of LOs or how LOs are shared inside the group throughout a digital tool. This paper is organized as follows. Section II gives a brief related work on learning objects. Section III describes the framework, methodology and objectives of this project. Section IV gives a practical approach. Section V describes the basic digital repository rules. Section VI presents our students' opinion and finally, section VII shows an example of the effectiveness of this activity in students' learning enhancement. Section VIII concludes the paper.
II. RELATED WORK
Learning Objects are defined by the "Learning Technology Standards Committee" [8] as digital, self-contained and reusable elements. However, the standard definition is extremely broad, and so are the enumerated types of learning objects. There exists few works about the use of learning objects created by students. For example, an experience was carried out in secondary studies within the SCY project (Science Created by You) [9] . This work identifies 8 types of learning objects and 53 activities. Besides, the work sets 13 scenarios to define the creation process.
Another example was given in [10] in 2008 by C.L. Abad. However, the main objective of this experience was a peerreview assessment and LOs were not reused during the course. This research made use of existing taxonomies to classify the LO, such as the ones from Redeker (2003) [11] , OSEL (2006) [12] or Wiley (2000) [13] . The last one reduces the number of object types to 5 within 5 difficulty levels. learning. However, because in our case the production is going to be done by students, and reused by students too, it is necessary to go more deeply into the objectives of the activity and its practical approach.
III. PROJECT DESCRIPTION

A. Framework
In the School of Computer Engineering, some core subjects have a large number of students-more than 300-divided into groups up to 50 students per teacher. This is the case of computer technology or computer networks courses in the School of Computer Engineering.
The syllabus of both subjects has been defined according to national and international recommendations [14] . In particular, the main sources have been the ACM/IEEE curricula recommendations, as well as the Computer Engineering Degree Program White Paper of the National Agency for Quality Assessment and Accreditation. The computer technology course is included into the field of computer engineering in the ACM/IEEE computing curricula, and matches the non-computing topic of electronics because it is focused on semiconductor devices and logic families. The computer networks course follows the ISO levels defined to open systems interconnections (OSI).
The large number of students registered in these core courses increases diversity of basic students' learning skills. Thus, face-to-face classroom activities consume too much time when feedback is given orally and in-situ. Individual self-study tasks complemented by written feedback will deal with such diversity besides guiding students in their work planning more effectively [15] , [16] .
Moreover, according to the current European ECTS system, university courses recognize credits of self-study activities that have been defined as 6 hours per week to both computer technology and computer networks courses.
Thus, in the 2011-2012 academic year, the faculty of the former courses launched an innovation project in education (PIME) focused on self-study learning activities on engineering courses at the university. The experience began one year before, in 2010-2011, working on a practical approach in the production of LOs by students.
B. Methodology
Methodologies referred to as active are focused on the student, whose participation in their learning promotes meaningful and deep learning for understanding and for research [1] . The teaching methods that foster student participation also demand better quality and quantity of the personal work he/she carried out both in the classroom and beyond.
Among the activities that students might work outside the classroom, this project focuses on cooperative production of LOs. Producing a LO trains the student in the following capacities: abstraction, analysis, synthesis, expression, communication of knowledge and application. Moreover, the activity can be tailored in such a way that students receive appropriate feedback about their work, allowing them to improve the quality of their compositions.
The work done by both students and teacher affects the whole group positively because the LOs are offered as course learning material, in the form of a digital collection of small compositions that comprises a complete didactic unit.
Having this objective in mind, teachers need some flexibility to assign the LOs. Each student should work on one or several LOs along the course according to his/her needs. The aim is to provide students with information about his/her progress. Moreover, the effort made by the teacher with one student should be of benefit to the rest of the group. Presenting the final result or outcome of the activity, the teacher can avoid repeating the same corrective action on a particular issue too many times.
Students enjoy the usage of this "fresh" material and adapted to the specific course in which it is produced. Furthermore, students can also be rewarded by this work, which fosters student effort.
However, in order to implement an effective cooperative production it is necessary to support the activity through an appropriate digital tool. The produced objects should be available for the entire group in a short period of time. This availability supports the reusability principle. The objects are reusable in learning although they can be also employed as models for producing new objects. When a student starts working in an unfamiliar task, examples are always welcome. Thus, the deadlines for the faculty to browse and review tasks are shortened too, in order to upload objects as soon as they become ready.
This fast accessibility cannot be implemented without a digital suitable tool, whether a general purpose tool or a specifically-made one.
Finally, the calendar for the LO production is also very important within the activity working plan. To make possible the use of these objects as soon as possible, three issues are necessary in the course schedule: 1) Students need enough time to produce the objects taking into account the whole workload in the semester. This premise implies coordination actions among courses. 2) Object supervision and feedback is given during the object production, as soon as possible. Teachers must avoid a late feedback. 3) Objects should be available to the whole group before any assessment activity related to competences worked within those objects. In summary, the project's objectives are the following: 1) To be student-centered, promoting a committed student's attitude and an individual formative feedback. 2) To support scaffolding written feedback and student's progression tracking. 3) To supply qualitative evidences about the effectiveness on learning achievement. 4) To help and guide students on workload and effort distribution. 5) To work on transversal subject competences.
IV. A PRACTICAL APPROACH
LO are small pieces of knowledge that can be combined to create a digital collection. Objects are produced by students alone or in small groups. However, to produce a collection, some homogeneity is expected. Thus, there exist several issues that should be specified, such as how to distribute the work among students and what any object should contain.
Work distribution can be done by assigning to several students the same concept or skill to work on. In this way, when a student uses these objects in her/his self-study she/he could select those objects which are more adapted to her/his learning style. However, repeating assignations is not necessary.
Secondly, a learning object can be considered as a combination of knowledge comprehension and practical application. Thus, learning objects are defined as digital compositions containing two parts: one part to present the knowledge and another part where such knowledge is applied.
Examples of knowledge applications for engineers are: 1) Problem-based learning activities. These activities are frequently proposed in engineering courses to train deductive skills and applicative abilities [17] - [20] . To favor the underlying cognitive process to the resolution of engineering problems, objects can include a practical application of knowledge in the form of outlining a problem and resolving it step-by-step. Moreover, transversal competences such as originality and creativity can also be put into practice. For example, home-made videos can be incorporated as a user-friendly resource.
2) Model-based learning activities. For example, computer programs, applets, computational functions, algorithms, simulations or prototypes. Figures 1 to 3 show several examples of applets produced by students in 2011 and 2012. Applets are an interesting selfstudy resource to both the student who produces it and the student who uses it. The production virtualizes the cognitive learning process while the use of the object is a very effective e-learning tool. Each applet permits the introduction of input values and their processing. Results can be shown in two formats, numerical or graphical.
LOs are produced by students and used by students in a cooperative construction of knowledge. 
V. DIGITAL REPOSITORIES
Students usually enjoy their time at the university. However, many of these students have difficulties at the beginning. There are formal studies about that question, as in [21] . Similar problems have been observed among our students in their last years. First-year uncertainty is softened when students can compare their individual progression to that of the general group. However, classroom spaces are not always effective at showing this group progression.
A digital repository, accessible by every student enrolled into the course, to share their works and to promote positive criteria and enhancement is inherently more effective.
However, the effectiveness strongly depends on the teacher management. The tool shown in Figure 4 was introduced during the 2011-12 academic year. This tool was specifically implemented during the project.
Many universities offer digital repositories designed to support digital communication between teacher and student.
However, the cooperative creation of learning material by students needs flexible tools to support student uploading with supervision in order to guarantee quality and correctness. Instructors should take care of the accuracy of the uploaded objects. Thus, flexible and friendly digital tools are required to face this new teacher's challenge of browsing and reviewing.
In the digital repository developed during the project, two roles where identified: teacher and student. Design rules already included into the tool are:
Teachers work collaboratively and are allowed to: -Create conceptual units -Define groups of students -Insert new users -Validate uploaded objects and made them visible to students -Remove uploaded and non-validated objects -Allow resubmission Students are allowed to: -Visualize and download validated object -Upload new objects linked with a conceptual unit -Resubmit an object -Remove non-validated objects (only visible by the owner) -Give their opinion about objects usability. A new object uploaded by a student is visible only to both teachers and the owner (i.e. the student who uploaded the object). Any teacher in the data base can validate the object. Before validation, the owner can remove/resubmit the object but it is forbidden after its validation. Figure 4 shows an example of the digital repository data base.
Additional features are under development such as forking, internal emails and digital ink linked to assessment tasks. Moreover, metadata definition is also in improvement in order to index these LOs in public data bases.
VI. STUDENT'S PERSPECTIVE
At the end of the second semester of the 2011-2012 year, students enrolled in the computer networks course were questioned about the project to determine relevant aspects such as the interest of students in the produced material or the benefits of creating learning objects in their learning process.
The survey was answered by 41 students out of 47 who had participated in the experience along the semester.
A. Examples
Questions about the use of the material in self-learning were divided into two sub-items. Firstly, the use of these materials to produce their own assigned work. Secondly, the survey included questions about the use of these materials to prepare written assessment tests (there were two assessment tests along the semester).
The survey included the following question: "Did you use learning objects created by your classmates to create your own learning object?": 37% agreed and 68% also answered affirmatively to the question "Would you like to have more examples of learning objects produced by other students to create your own?": Generally speaking, any task done individually by our students out of classroom implies doubts and anxiety about how to face it. Students feel more confident when they can view examples of similar tasks, and in many cases they construct their own production starting from these examples.
However, the use of material to produce material has a requirement: tool filtering options are necessary to avoid bad copies, incoherencies or non-quality production.
B. Self-Study and Autonomy
On the other hand, the questionnaire includes direct questions about the use of the learning objects created by other students to support self-study. 68.3% recognized their use to prepare both written assessment tests. The percentage is quite significant because it is one of the actual objectives of the production.
Benefits about the production of learning objects as learning activity were also questioned. 69.2% of students considered the production very positive in reinforcement and course workload planning.
However, it is important to identify the personal intention of our students when they agree on the production. The survey included the question "How did you decide the subject of your learning object?" with two closed answers: a) "because I wanted to learn more about the subject" and b)"because I am very confident with the subject and I could do a good work."
46.3% chose a) while 36.6% chose b). 17.1% preferred not to answer this question. To learn more about a subject is close to teachers' intention of promoting homework. However, university students frequently look for good scores rather than the learning achievement. However, how can teachers make a good allocation of tasks among students? It is necessary to assume that any allocation will have a relevant contribution to the group in the cooperative process of production and that it must be the student herself/himself who decides about what and how she/he wants to learn. The coexistence of an individual evaluation by learning object production and a general evaluation by written assessment tests will assure that any student who passes the course will have achieved those minimum expected competences defined in the course curriculum.
C. Feedback
From the formative point of view, the most important benefit in producing learning objects-under the methodology above described-is the feedback obtained by the student about her/his progress.
In LO production and sharing, feedback is given by teachers but also by the whole group. 49% of students recognized the necessity of receiving feedback from the teacher to improve their compositions. However, 61% preferred to get some inputs from their colleagues before asking the teacher. Again, this percentage reveals the students' insecurity and a lack of practice on receiving formative feedback. That suggests a lack of maturity. In fact, students tend to upload the first version of their object as late as possible. This makes it impossible for the teacher to give weekly review and feedback and to avoid workload peaks-which is unapproachable with large groups. Thus, deadlines and milestones should be carefully designed depending on our students' profile.
D. Real Accesses to the Production
Finally, the survey has been complemented with additional data about accesses and downloads of material via web. The digital repository includes counters useful to statistic purposes.
For example, in a sample of 80 LOs there were registered 1407 accesses done by 45 identified students divided into 968 accesses to objects with problem-based activities and 439 accesses to objects with model-based activities.
VII. RESULTS
Quantitative results were also obtained from the students' sample of the previous section. The computer networks course is a 30-weeks course. Students are divided into 6 groups of 50 students each. For 15 weeks, every group carried out similar activities and assessment. In the last 15 weeks, one group was involved into the LOs experience.
Figures 5 and 6 compare average results between the experimental group and the five not involved in the experience.
Figures depict the percentage of students that achieve a mark, in a 10-point scale, lower than 5, between 5 and 7, between 7 and 9 or higher than 9. Figure 5 compares the marks of the experimental group during the initial 15 weeks, when the 6 groups carried out similar activities, while Figure 6 depicts the same comparison during the last 15 weeks.
The experimental group has worse results in all the intervals. For instance, in the lowest interval the percentage of the experimental group is a 20% higher than in the other groups. Generally speaking, the experimental group found more difficulties in getting good marks than their course-mates.
However, during the last 15 weeks, while they were working on LO production, this tendency was inverted. Figure 6 shows a similar number of students having less than 5 points. But it is quite interesting that the experimental group registered better results in marks between 5 and 9 than their coursemates. It was very positive.
Firstly, the experimental group undergoes an important enhancement in their learning achievements comparing both course parts (initial 15 weeks and last 15 weeks). Secondly, this enhancement is more significant when we take into account that the second part of the course is based on knowledge and skills worked on during the first part, where 20% of the students didn't achieve the minimum expected to begin with the second part. Consequently, the effort demanded of students enrolled in the experience is high because they must recover from their lacks in the first part and overcome the second part all the same time.
VIII. CONCLUSIONS
This work describes a proposal on the production of learning objects by students in engineering courses. The proposal has been implemented in first and second year university courses, having large groups of students.
In summary, the implementation of the proposal was feasible. In relation to teachers, it increases their effort along the course, but it should not be considered an untenable overload. Digital tools are essential to relieve teachers' work but also because the LOs must be available on-line as soon as possible to the whole group to serve in a cooperative construction of learning.
Benefits obtained by students are based on individual feedback and as guide to distribute students' effort effectively along the course. Moreover, the proposal also deals with the students' lack of maturity in learning skills.
The opinion reported by our students supports the continuity of the experience. 69.2% of students considered the production as a very positive task. The reticence observed among the rest could be overcome in future years by improving additional aspects, such as the inclusion of digital guidance throughout the creative process or digital ink tools to facilitate feedback actions.
